It is known that single neurons in visual area V4 are selective for visual features and that their responses are modulated by selective attention. Surprisingly, a new study by Mirabella et al. in this issue of Neuron found that V4 neurons also signal the behavioral response category of the attended feature.
Prevailing wisdom dictates that when visual stimuli are discriminated, these stimuli are analyzed in visual cortical areas and this information is then passed on to other areas where decisions about the stimulus are made, leading to the behavioral response. In this scheme there is a division of labor: the visual analysis of the stimulus is in particular visual areas, and the decision, preparation, and command of the behavioral response are in other regions (Gold and Shadlen, 2001 ). However, a study by Mirabella et al. (2007) that is reported in the present issue of Neuron suggests that this is an oversimplified view of how the brain deals with discriminations. The study shows that in addition to representing the stimulus features, neurons in the visual area V4 also represent the behavioral response category that the stimulus is associated with.
V4 is a visual area at an intermediate level in the ventral visual stream that is supposed to be involved in coding visual information that is critical for object recognition and categorization. Consistent with this intermediate position in the processing hierarchy, single-cell studies in macaques have shown that V4 neurons are selective for visual features of intermediate complexity (Gallant et al., 1993; Kobatake and Tanaka, 1994) . Nonetheless, many V4 neurons respond to simple stimuli such as bars and can be selective for their orientation and color, a property utilized in the study by Mirabella et al. Notably, several single-cell studies have shown that macaque V4 neurons also receive attention-related extraretinal inputs (Reynolds and Chelazzi, 2004 ). Here a distinction should be made between effects of spatial and feature-based selective attention. Spatial attention controls the selection of specific locations in the visual field, while feature-based attention controls the selection of an object feature, such as its color or orientation. Effects of both spatial and feature-based attention have been documented in area V4 (Bichot et al., 2005; Maunsell and Treue, 2006) . Mirabella et al. studied the effects of yet another sort of selective attention: the one that occurs when subjects selectively attend to a particular stimulus dimension while ignoring other stimulus dimensions. For instance, an individual who is sorting beads according to their size, irrespective of their color, has to attend selectively to the bead size but ignore their color. This sort of selective attention should not be confused with the feature-based attention referred to above. Indeed, in those feature-based attention studies, the subject was required to attend to a stimulus defined by a particular feature (e.g., red but not green) while in the present paradigm the subject has to attend to a particular stimulus dimension (e.g., size versus color). This is important: ''classical'' featurebased attention is believed to operate by increasing the sensitivity of the neurons that prefer that feature (i.e., attending to red increases the sensitivity of the red-preferring neurons but not green-preferring neurons).
Such a mechanism will not be effective in the case of the selective attention studied in the present work: when attending to color (instead of to another stimulus dimension), both greenand red-preferring neurons can be important.
Mirabella et al. trained two monkeys extensively in a rather difficult task. The stimuli were bars that could have any one of four orientations combined with one of four colors. These 16 stimuli (4 orientations 3 4 colors) needed to be discriminated by the animal based on either the orientation or the color of the bars. The animals were cued as to whether they needed to discriminate the color or the orientation of a bar that was presented inside the receptive field of a V4 neuron. Two orientations and two colors were associated with a leftward turn of the response lever, and the other two orientations and colors were associated with a rightward turn. For 8 of the 16 stimuli, the correct response when discriminating orientation was opposite to the response required of the subject when discriminating color. Analysis of the behavioral performance in these incongruent conditions showed that the monkeys were able to switch between the two sorts of discriminations.
The authors found that the response of about half of the V4 neurons was modulated by the type of discrimination: e.g., some neurons responded more strongly to the same stimuli when the animal was performing an orientation discrimination than they did during the color discrimination.
Interestingly, this modulation was present in the late part of the neural response, occurring after 100-150 ms poststimulus onset. Several human functional imaging studies (e.g., Corbetta et al., 1991) have found that brain activation for multidimensional stimuli (e.g., moving colored shapes) depends on the stimulus dimension to which the subject is attending (e.g., there is stronger activation in motion areas when attending to motion instead of to speed or color). However, in the present single-cell study, the numbers of V4 neurons responding more strongly when the subject was discriminating color and when the subject was discriminating orientation were roughly equal. It is therefore unclear whether this response modulation in V4 could be detected by functional imaging, which has much lower spatial resolution than the single-cell method.
The finding of response modulation by stimulus dimension is interesting, but it is unclear how this relates to the ability to discriminate between values within one dimension (while ignoring another dimension). An intuitively appealing notion is that neurons might show a higher selectivity for the attended dimension than for the other, unattended dimension: e.g., a narrower orientation tuning when discriminating orientation than when discriminating color. In that scenario, the response of the neuron would primarily provide information about the attended dimension, but much less so concerning the unattended dimension. However, there was an absence of any such effect by the attended stimulus dimension upon the degree of color or orientation selectivity. This adds to a growing list of negative findings of attentional effects on stimulus selectivity in this and other extrastriate visual areas. As acknowledged by the authors, it is possible that having the subjects perform discriminations at threshold level may have produced stimulus-dimensiondependent changes in stimulus selectivity.
However, the most important result of the study by Mirabella et al. was completely unexpected: when analyzing the response modulations in the incongruent conditions, they found that the response of the neurons depended upon the behavioral response that the monkey was about to produce. Recall that in the incongruent conditions, the correct behavioral response to a stimulus depended upon the attentional condition, i.e., whether they needed to discriminate color or orientation. Thus, in the incongruent trials one can dissociate neural modulations by the stimulus from modulations by the behavioral response. Remarkably, the authors found that about a third of the neurons sampled in V4, a visual cortical area, showed a stronger response to the different incongruent stimuli before one particular behavioral response (e.g., ''left'') than before the alternative behavioral response (''right''). Although the modulation of the neural response by the impending behavioral response was small compared to the stimulus feature selectivity, it was possible to predict the behavioral response from the neural response with an accuracy that was better than chance. Significantly, the modulation occurred in the later part of the neural response (after about 200 ms poststimulus onset), and its onset correlated with the reaction time of the monkey.
An obvious interpretation of such an effect of the impending behavioral response upon the neural response is that it represents the planned motor response. If this simple interpretation were true, the modulation should reflect the actual motor response whether it is correct or incorrect. However, this was not the case: intriguingly, significant modulation by the impending response was observed only in correct trials, and not in error trials. A set of control experiments showed, in addition, that behavioral responses to a stimulus presented outside the neuron's receptive field did not produce modulations, not even when another stimulus, ignored by the animal, was presented inside the neuron's receptive field. Thus, the observed modulations are not predictive of the motor response per se and seem to occur only when the attended feature that controls the behavior stimulates the receptive field of the neuron. The authors conclude that the modulations appear to be related to the behavioral response category of the attended feature, i.e., whether the attended stimulus feature belongs to the left or right response category. Hence, these novel and intriguing data suggest that the later part of the response of V4 neurons can be modulated by the behavioral response category: the initial representation in V4 is strongly feature-driven, while at a later phase of the neural response, the behavioral category that is associated with the attended feature is also coded by the V4 neurons.
An important question for future research is whether these behavioral response category-related responses originate in V4 or are due to feedback from other visual or nonvisual areas of the brain. Note that the observed correlation between reaction time and modulation onset agrees with both the bottom-up and the top-down scenarios, since in the case of a top-down scenario, faster response categoryrelated decisions will produce earlier feedback signals and thus earlier modulations in V4. A possible source of the feedback signal might be prefrontal cortex, since single neurons in that region show behavioral response category-dependent responses in a related task (Sakagami and Tsutsui, 1999) .
These findings suggest that V4 neurons might play a role beyond visual analysis by encoding the stimulus features in a categorical format that is directly relevant to control the behavioral performance. However, it is possible that these response category-related modulations do not have a causative role in the behavior of the animal, especially if they reflect feedback from other regions. Indeed, we should not forget that single-cell studies are correlative by nature, and thus it is difficult to know from recordings alone whether the observed neural responses actually play a causative role in behavior-even when the neural responses correlate with the behavior on a trial-by-trial basis (Dodd et al., 2001) .
The unexpected finding of response category-dependent responses in visual area V4 raises the question of whether similar modulations might be present in other visual areas, possibly even in area V1. Studies using different behavioral paradigms and less demanding behavioral tasks have failed to provide any evidence for clear response category-related responses in inferior temporal cortex, a ventral visual stream region to which V4 projects (Op de Beeck et al., 2001; Baker et al., 2002) . It remains to be seen whether response category information in the visual cortex occurs only after extensive training in rather difficult tasks.
